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摘要 
通过 iPSCs 技术获得 iPSCs，建立个体特异的多能干细胞系，可为生长发育、
种质资源保护、疾病防治及药物筛选研究等提供宝贵的实验材料，是一条新的从
根本上解决大黄鱼养殖中的各种难题的有效策略模式。其中，多能性因子对 iPSCs
技术的研究是必不可少的，它们在调控胚胎干细胞（ESCs）的自我更新和多能
性、原始生殖细胞（PGCs）的形成、早期胚胎发育、生殖细胞发生、器官发生、
再生及增殖、生长、分化、凋亡等细胞过程等方面发挥重要作用。然而关于大黄
鱼多能性因子的研究尚属空白。本文采用 SMART-RACE 技术克隆了大黄鱼 Oct4、
Sox2、Klf4 和 cMyc 四个多能性基因，并进行了生物信息学分析；采用实时荧光
定量 PCR（qRT-PCR）技术和原位杂交技术研究了大黄鱼四个多能性基因的时
空表达模式；还对组织细胞培养和基因转染进行了初步研究。主要研究成果如下： 
1. 克隆获得了大黄鱼 Oct4、Sox2、Klf4 和 cMyc 4 个多能性基因。Lc-Oct4
基因 cDNA 全长 2642bp，5’端非编码区（5′ UTR）长 623bp，3′ UTR 长 567bp，
开放阅读框（ORF）编码一个 476 个氨基酸（aa）的蛋白，Lc-Oct4 蛋白的 N-端
和C-端各有一个保守的DNA结合区—POUs 区和HOX区；系统进化分析表明，
大黄鱼 Lc-Oct4 蛋白序列与硬骨鱼的一致性高（65-85%），与四足动物的一致性
低（38-65%），在进化树上大黄鱼 Lc-Oct4 蛋白最先与半滑舌鳎（Cynoglossus 
semilaevis）聚支。Lc-Sox2 基因 cDNA 全长 2135bp，5′ UTR 长 498bp，3′ UTR
长 646bp，ORF 编码一个 322aa 的蛋白，Lc-Sox2 蛋白具有一个高度保守的 DNA
结合区—HMG 盒；系统进化分析表明，Lc-Sox2 蛋白序列在脊椎动物中的一致
性都很高（77-98%），进化树上 Lc-Sox2 蛋白最先与红鳍东方鲀（Takifugu rubripes）
聚支。Lc-Klf4 基因 cDNA 全长 2404bp，5′ UTR 长 255bp，3′ UTR 长 790bp，ORF
编码一个 452aa 的蛋白，Lc-Klf4 蛋白具有三个高度保守的 DNA 结合区—C2H2
锌指结构；系统进化分析表明，Lc-Klf4 蛋白序列与硬骨鱼的一致性高（66-93%），
与四足动物的一致性低（<48%），进化树上 Lc-Klf4 蛋白最先与深裂眶锯雀鲷
（Stegastes partitu）聚支。Lc-cMy 基因 cDNA 全长 2089bp，5′ UTR 长 338bp，3′ 
UTR 长 408bp，ORF 编码一个 440aa 的蛋白，Lc-cMyc 蛋白具有一个特征性的高
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度保守的 HLH-LZ 作为 DNA 结合区；系统进化分析表明，Lc-cMyc 蛋白序列与
硬骨鱼的一致性高（71-91%），与四足动物的一致性低（54-60%），进化树上
Lc-cMyc 蛋白最先与舌齿鲈（Dicentrarchus labrax）和革首南极鱼（Notothenia 
coriiceps）聚支。 
2. 组织表达：qRT-PCR 分析显示，Lc-Oct4 基因在大黄鱼卵巢中呈现超高量
的表达，并在 635dph 卵巢中的表达量最高；原位杂交结果也表明，Lc-Oct4 基因
主要分布于不同发育阶段卵母细胞的细胞质中，并在第 II 期晚期和第 III 期卵母
细胞中的表达水平最高；Lc-Oct4 基因在精原细胞和初级精母细胞中也有一定量
的表达。Lc-Sox2 基因主要高表达于脑、鳃、胃、性腺中，且在脑和眼中的表达
具有性别差异，雌性高于雄性。Lc-Klf4 基因在组织中广泛表达且具有性别差异，
在雌鱼中的表达水平依次为脑＞鳃＞眼＞心，在雄鱼中为心＞精巢＞鳃＞脑，其
中，在心、鳃、精巢中的表达为雄鱼＞雌鱼，在眼中则为雌鱼＞雄鱼；Lc-Klf4
基因在精巢中的表达以 635dph 中的水平最高，且主要分布于精母细胞中。
Lc-cMyc 基因表达的性别差异仅存在于性腺中，Lc-cMyc 基因特异性地极高量表
达于卵巢中，且在 635dph 卵巢中的表达水平最高，主要分布于第 II 期晚期和第 
III 期早期卵母细胞的细胞质中；在头肾和精巢中也有一定量的表达。 
3. 胚胎表达：qRT-PCR 分析表明，Lc-Oct4 基因在胚胎发育过程中的表达水
平依次为多细胞期＞囊胚期=原肠胚期；整胚原位杂交（WISH）结果也显示，
Lc-Oct4 基因仅在从 2-细胞期至早期原肠胚的早期胚胎发育阶段表达，且在 16-
细胞期达到峰值。Lc-Sox2 基因属于合子型的表达模式，从囊胚期开始呈动态的
表达，其中在原肠胚期和胚孔封闭期的表达量水平高，在孵出后 1 天的仔鱼中
Lc-Sox2 基因主要表达于胚胎的头部和 PGCs 区。Lc-Klf4 基因呈现合子型的表达
模式，从原肠胚晚期开始表达，在胚孔封闭期、眼泡出现期和晶体出现期中的表
达水平高；WISH 结果也显示，Lc-Klf4 基因主要分布于晚期胚胎的背部和头部。
Lc-cMyc 基因在各胚胎期中均有不同程度的表达，在早期胚胎发生中（2-细胞期
—多细胞期），Lc-cMyc 基因的表达水平非常高，在 2-细胞期达到峰值；在胚胎
发生晚期（囊胚期—孵出后 1 天的仔鱼），Lc-cMyc 基因的表达水平依次为孵出
后 1 天的仔鱼＞孵出前期＞眼泡出现期=多细胞期＞心跳期，随着胚胎的发育，
Lc-cMyc 基因逐渐向胚胎背部聚集，最后主要分布于胚胎头部。 
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4. 采用Lipofectamine 2000脂质体将pAc5.1B-EGFP质粒成功转染到大黄鱼
肝脏和脾脏的原代细胞中，转染率达到25-30%。 
 
关键词：多能性因子；大黄鱼；实时荧光定量 PCR；原位杂交；基因转染 
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Abstract  
Establishment of individual specific pluripotent cell lines by iPSCs obtained 
through iPSCs technology is very important for the study of growth and development, 
germplasm resources protection, disease prevention and drug screening, etc, which 
can provide valuable experimental materials for these researches. Thus, it is a new 
effective strategy pattern for radically resolving the various problems in cultured 
Larimichthys crocea. Among them, the pluripotency factors are indispensable on 
iPSCs technology research which play vital roles in controlling self-renewal and 
pluripotency of embryonic stem cells (ESCs), formation of primordial germ cells 
(PGCs), early embryonic development, gonadal germ cells, embryogenesis, 
organogenesis, regeneration and cellular processes such as proliferation, 
differentiation, development and apoptosis, etc. However, study of pluripotency 
factors in L. crocea has not yet been carried out. In this paper, we cloned Oct4, Sox2, 
Klf4 and cMyc gene of L. crocea by SMART-RACE technology and analyzed the 
structures by bioinformatics method; we also studied the spatio-temporal expression 
patterns of four pluripotency factors by qRT-PCR and in situ hybridization; moreover, 
tissue cells culture and gene transfection were studied preliminarily. The main results 
exhibited as follows: 
1. Lc-Oct4, Lc-Sox2, Lc-Klf4 and Lc-cMyc gene were cloned by SMART-RACE 
technology. The full-length cDNA of Lc-Oct4 gene is 2642bp including a 623bp 5′ 
untranslated region (UTR), a 567bp 3′ UTR and a 1431bp open reading frame (ORF) 
encoding a protein of 476 amino acids (aa); There are two conserved functional 
domains, N-POUs domain and C-HOX domain as DNA-binding domain in 
N-terminus and C-terminus respectively in Lc-Oct4 protein; Phylogenetic analysis 
showed that Lc-Oct4 protein shares high identity with teleosts (65-85%), low identity 
with tetrapods (38-65%) and clustered first with Cynoglossus semilaevis in 
evolutionary tree. The full-length cDNA sequence of Lc-Sox2 gene is 2135bp, 
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containing a 498bp 5′UTR, a 646bp 3′ UTR and an ORF encoding a protein of 322aa; 
Lc-Sox2 protein possesses a highly conserved HMG-box as DNA-binding domain, a 
group B motif and a Ser-rich domain; Phylogenetically, Lc-Sox2 maintains high 
identity with vertebrates (77-98%), particularly with teleosts (83-98%), and clustered 
first with Takifugu rubripes in evolutionary tree. The full-length cDNA sequence of 
Lc-Klf4 gene is 2404bp, containing a 255bp 5′UTR, a 452bp 3′ UTR and a ORF 
encoding a protein of 452aa; Lc-Klf4 protein contains three highly conserved C2H2 
Zinc fingers (ZnF-C2H2) as DNA-binding domain; Phylogenetically, Lc-Klf4 shares 
high identity with teleosts (66-93%), but low with tetrapods (<48%), and clustered 
first with Stegastes partitu in evolutionary tree. The full-length cDNA of Lc-cMyc 
gene is 2089bp encoding a protein of 440aa; Lc-cMyc protein has the characteristic 
helix-loop-helix-leucine-zipper (HLH-LZ) as DNA-binding domain; Phylogenetically, 
Lc-cMyc protein shares high identity with teleosts (71-91%), but low with tetrapods 
(54-60%), and clustered first with Dicentrarchus labrax and Notothenia coriiceps in 
evolutionary tree.  
2. The expression in tissues: The results of qRT-PCR in tissues showed that 
Lc-Oct4 gene was only expressed strongly in ovary with the highest expression level 
in 635dph ovary during ovarian development; The in situ hybridization analysis of 
gonads showed that Lc-Oct4 gene had specially high expression in the cytoplasm of 
oocytes in different developmental stages with the highest level in stages II (later) and 
III oocytes; Lc-Oct4 gene was also expressed in cytoplasm of spermatogonium and 
primary spermatocyte of testis. qRT-PCR analysis of tissues showed that Lc-Sox2 
gene was expressed highly in brain, gill, stomach and gonad with gender difference in 
brain and eye (female > male). Lc-Klf4 gene was expressed widely in adult tissues 
with gender difference, the order was showed as follows: brain > gill > eye > heart in 
female, heart > testis > gill > brain in male, male > female in heart, gill, and testis, 
female > male in eye; During growth, the expression of Lc-Klf4 gene first rose then 
declined in testis and rose till 635dph in brain; Besides, Lc-Klf4 gene was widely and 
highly distributed in different developmental spermatids especially in spermatocytes. 
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